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Abstract 
The constantly occurring cases of environmental pollution of water by chemicals and pharmaceuticals and their degradation 
products show the importance of a close surveillance of potential bioactive substances in water. Common chemical sensors detect 
known substances with high sensitivity, but their bioactivity remains unknown. The innovative cell based sensor technology uses 
eukaryotic cells as the sensitive layer for an online cytotoxicity sensor. Therefore this technology may be used for evaluation of 
the cytotoxic and bioactive potential of water. To prove the usability of eukaryotic cells as sentinels for water pollution we show 
the cultivation, their vitality and metabolic activity of several cell types growing on the silicon surface of the metabolic chip 
(Micronas) using the Bionas 2500 analyzing system (Bionas). With the most feasible cell type a close to application trial was 
performed. 
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1. Introduction 
Environmental pollutants of surface water are reported to be pharmaceuticals like hormones and antibiotics and 
their degradation products, personal care products like fragrances, and sun-screen agents, as well as organic and 
inorganic chemicals 1, 2. Common chemical sensors are appropriate for detecting known substances, but despite their 
sensitivity the bioactivity of certain substances can not be revealed. So far bioactivity of for example river water is 
monitored by algae, water fleas, shells, fish and bacteria 3-5. These systems can be used to reveal potential 
environmental pollution but they lack information regarding effects on human physiology. The here reported system 
is a new approach to employ eukaryotic cells as the sensitive layer for an online cytotoxicity sensor. This sensor is 
able to detect simultaneously cytotoxic and bioactive pollutants in water samples and is additionally closer related to 
the human physiology than other systems. The aim of this study was to identify optimal cell types for a future 
application in online monitoring cytotoxicity and bioactivity in water samples. As the design of new cell based 
sensors mainly focuses on the development of optimized chemical and physical electrodes, little work is done so far 
on the choice of the cells used.  
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Fig. 2: Time course of the Impedance (a), Acidification (b), 
and Respiration (c) of different eukaryotic cell types during 
18 hours cultivation in the Bionas 2500 Analyzing System: 
human colon carcinoma cell line HT-29 (black), Canine 
roblasts V79 cells (grey). 
us, we characterized cell lines using the Bionas 2500 A
crucial physiological parameters cell respiration, cell adhesion/morphology change and metabolic activity 6. Cell 
respiration is detected by Clark electrodes, cell adhesion is detected by interdigital electrode structures (IDES). The 
metabolic activity of the cell layer is evaluated by the measurement of the acidification of the extracellular medium 
due to secreted acidic metabolites recorded by ion selective field transistors (ISFET) 7, 8. All three types of 
electrodes are implemented in one silicon chip. The chip 
simultaneously provides the cell culture vessel and can 
easily be inserted in the Bionas System device. 
Additionally the system includes the read out control as 
well as the automated fluidic system to provide either 
fresh media or the supply of polluted water samples.  
During this study a variety of well established cell lines, 
like the carcinoma cell lines HepG2 and HT-29, non-
carcinoma cell lines like V79 and L6, as well as 
often used primary cell isolates were evaluated.  
2. Material and Methods 
Depending o
growth media in a 5% CO
saturated humidity. 1 hour pr
the Bionas System device medium on the chips was replaced 





















hepatocytes (red), hepatocellular carcinoma cell line 
HepG2 (blue), rat skeletal muscle cell line L6 (green), 
normal human dermal fibroblasts NHDF (orange) and 
Chinese hamster fib
Fig. 1: Chinese hamster fibroblasts V79 (a) and rat skeletal
muscle cells L6 (b) on the Metabolic chip SC 1000 
(Micronas). 
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were assessed using the Bionas Analyzing System. All 
ted cell types attached easily to the silicon 
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3. Results 
In order to evaluate the six cell types, cells were seeded 
on the metabolic chips. Their metabolic characteristics
of the six tes
the evaluated cell types:  Chinese hamster fibroblasts 
V79 (Fig. 1a) and rat skeletal myoblasts (Fig. 1b). In all 
six cell types changes in the adhesion properties or in 
cellular morphology assessed by impedance 
measurement do not occur over at least 18 hours of 
cultivation (Fig. 2a). Metabolic activity was stable in 
five of the tested cell types (HT-29, canine hepatocytes, 
HepG2, L6 and NHDF) measured by the acidification 
rate. Only V79 cells showed an increasing acidification 
rate starting right at the beginning (Fig. 2b) of the test. 
The respiration activity of canine hepatocytes, HepG2, 
L6 and NHDF cells kept stable over the cultivation 
period, whereas HT-29 cells showed increasing 
respiration activity after 9 hours (Fig. 2c). The 
respiration rate of V79 cells increased from the start of 
the monitoring-process comparable to their 
acidification rate. HepG2 showed a moderately 
increasing respiration rate up to 125 % after 18 hours.  
Showing the best characteristics regarding most stable 
signals for the three important metabolic parameters and 
showing also a high sensitivity to model substances 
(data not shown) L6 rat myoblasts were chosen to 
perform the close to application experiment. For this 
purpose L6 cells were incubated with samples of 
industrial waste water (kindly provided by the 
Bayerischen Landesamt fuer Umwelt). Briefly, the 
experimental setup was as follows: In order to prepare 
medium containing the water sample the undiluted water 
sample was used to dilute assay medium (DMEM) in 
powder form (powder containing all nutrients and 
constituents of the normal liquid medium). Additionally 
the water sample was diluted 1:10 and 1:100 and added 
to fresh assay medium. The pH as well as osmolarity 
were adjusted as appropriate. 4 metabolic chips with 
attached L6 cells were placed into the Bionas Analyzing 
system and supplied with fresh medium (not containing 
the water sample) via the fluidic system. Data of the three differe
After an adapting period of three hours, assay medium co
were applied to the cells for 14 hours. The last remaining 
contain the waste water sample, in order to compare the resu
the waste water samples. To standardise the recorded raw 
period was chosen and set as 100 %. All three parameters 
point. Impedance of confluently grown L6 cells was redu
undiluted water sample (Fig. 3a), whereas the 1:10-and 1:100-dilution of the water sample did not effect the 
impedance of the cells. Right after introduction of the cells to the undiluted water sample the acidification rate 
Fig. 3: Time course of the Impedance (a), Acidific
(b), and Respiration (c) of L6 cells treated with a waste 
water sample in different dilutions in media: 1:1





(black). Time=0h indicates the start of the treatment.
nt types of electrodes were acquired co
ntaining the waste water samples (undiluted, 1:10, 1:100) 
chip was left untreated, i.e. the assay medium did not 
lts of normal, not treated cells with cells incubated with 
ta one specific data point obtained during the adapting
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 ng the on 
chip cultivation process but proved a low sensitivity to different model substances in former experiments as well as 
ility between several passages (data not shown). The rat myoblast cellline L6 has proven to be 
suitable for this approach because they showed stable signals during the on chip culitvation. Nevertheless the cells 
. Model substances and mixtures of theses substances have to be 
cterial system for the rapid assessment of aquatic toxicity. ISA Trans 1981; 20 
ga E, Kob A, Holst H et al. Online monitoring of cell metabolism for studying pharmacodynamic effects. Toxicol Appl 
Pharmacol 2007; 220 (1):33-44. 
7. Ehret R, Baumann W, Brischwein M et al. Monitoring of cellular behaviour by impedance measurements on interdigitated electrode 
structures. Biosens Bioelectron 1997; 12 (1):29-41. 
8. Lehmann M, Baumann W, Brischwein M et al. Simultaneous measurement of cellular respiration and acidification with a single 
CMOS ISFET. Biosens Bioelectron 2001; 16 (3):195-203. 
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increased with a subsequent decrease after six hours, resulting in an acidificationrate below 30 % at the experimental 
end. Acidification rates of the cells incubated with the 1:10- and 1:100- dilutions showed also an immediate increase 
to 140 % but the acidification rates stayed at that level (Fig. 3b). Respiration of the cells was also reduced by the 
undiluted water sample starting rapidly after sample application. 14 hours after the treatment start the resulting 
respiration rate was under 20% of the start value, whereas the 1:10-and 1:100-dilution of the water sample showed 
similar effects as the control cells (Fig. 3c).  
4. Disscusion 
Comparison of the six cells types showed that the fast growing cell lines HT29 and V79 do not show suitable 
characteristics for the use as a sensitiy layer in sell based sensor technology as the fast growth results in increasing 
if their metabolic characteristics would meet the criteria of stable signals and slow cell growth, their properties may 
differ from donor to donor. Also the lifespan of primary isolates is limited. Therefore primary cells do not seem 
appropriate as sensitive layers for cell based sensor technology. HepG2 cells showed stable signals duri
a low reproducib
are easy to handle as they are a commercially available cellline with low meadia reqirements. Stable signals occur 
since L6 cells are muscle precursor cells and stop proliferation when reaching confluence, start to differentiate into 
myotubes (muscle cells).  
This assumption was stressed by the close to application experiment. Cells not treated with the waste water sample 
showed stable signals of all three parameters, whereas cells treated with the undiluted industrial waste water sample 
showed decreasing impedance and respiration rate. The acidification rate of the cells treated with the undiluted 
water sample increased at first. As the cells are further harmed by the water, metabolism totally collapsed after 6 
hours of sample incubation. Interestingly the 1:10- and 1:100-dilutions increased the metabolism, but did not harm 
the cells like the undiluted water sample, as the acidification rates stay at the same level. This “dose-response”-
grading cannot be observed at the impedance and the respiration. Therefore, cell metabolism seems to be the most 
sensitive parameter for the substances in this particular water sample. It is likely that different substances influence 
the cells at different cellular pathways and that depending on the substance the respiration or the impedance show 
more sensitive responses than the acidification
evaluated with different cells in further experiments in order to improve the cell based sensor technology as a tool 
for cytotoxicity sensors.  
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